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POLWALENT IMMUNOGEN 

This is a continuation-in-part of U.S. Application No. 10/431,596, filed 
May 8, 2003, which is a continuation-in-part of. Application No. 10/373 599 
filed February 26, 2003, the contents of which applications are incorporated ' 
herein by reference. 



TECHNTrAT.FTPTr> 

The present invention relates, generally, to a poly^.alent imniunogen 
and, more particulai-ly, to a method of inducing neutralizing antibodies against 
HIV and to a polyvalent immunogen suitable for use in such a method. 

BA CKGROUND 

Inmiunogenic peptides have been developed that elicit B and T cell 
responses to various strains of human inmiuziodeficiency virus (HRO (Palker 
et al, J. Wunol. 142:3612-3619 (1989), Haynes et al. Trans. Am. Assoc 
Physician 106:31-41 (1993), Haynes et al, J. tounol. 151:1646-1653 (1993) 
Haynes et al, /JD Res. Hmnan Retroviruses 11:21 1-221 (I905)) (.ee also 
WO 97/14436). Tl.ese peptides consist of two components, each derived from 
noncontiguous regions of the HIV gpI20 envelope protein. One envelope 
component consists of 16 amino acid residues from tl.e fo.uth constant (C4) 
domain ofHIV gpl20, and includes a T-helper epitope (Cease et al, Proc Natl 
Acad. Sci. USA 84:4249-4253 (1987)). Linlced to the carboxyl tenninus of ' 
this gpl20 C4 region peptide is a 23 ammo acid segn.ent from the tlm-d 
variable (V3) domain of gpl20, that includes a B cell neutralizing antibody 
epitope for cell line-adapted HIV strains (Palker et al, J. Inoinunol 142-361 ^ 
3619 (1989), (Palker et al, Proc. Natl. Acad. Sci. USA 85:1932-1936 (1988) 
Rusche et al, Proc. Natl. Acad. Sci. USA 85:3198-3202)), a T-helper epitope 
(PaUcer et al, J. Inmiunol. 142:3612-3619 (1989)), and two cytotoxic T 
lymphopoietic (CTL) epitopes (Clerici et al, J. Wunol. 146-2214-9219 
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(1991), Safrit et al, 6* NCVDG Meeting, Oct. 30 to Nov. 4, 1993)). In mice 
and rhesus monkeys, these C4-V3 hybrid peptides have induced antibodies 
that bind to native gpl20 and neutralize the particular cell line-adapted strain 
of HIV from which the V3 segment was derived, as well as induce T helper 
cell proliferative responses and MHC Class I-restricted CTL responses that 
kill HIV or HTV protein expressing target cells (PaUcer et al, J. Immimol. 
142:3612-3619 (1989), Haynes et al, AID Res. Human Retroviruses 11:21 1- 
221 (1995)). Recently, it was shown that this gpl20 peptide design can induce 
antibodies that neutralize primary HTV isolates and simian-human 
immunodeficiency viruses (SHTV) expressing primary HTV isolate envelopes 
(Liao et al, J. Virol. 74:254-263 (2000)). Moreover, in a challenge trial of tliis 
immunogen in rhesus monkeys, it was shown that C4-V3 peptides from the 
gpl20 of the pathogenic SHI\^ 89. 6P, induced neutralizing antibodies that 
prevented the fall in CD4 counts after challenge with SHIV 89. 6P (Le^/in et 
al, J. Virol. 75:4165-4175 (2001)). Therefore, anti-V3 antibodies can protect 
primates against primary isolate SHIV-induced disease. 

A prototype polyvalent HR^ experimental inmatmogen comprised of 
tlae conserved C4 region of gpl20 and the V3 regions of HTV isolates MN, 
CANO(A), EV91 and RF has been constmcted and has been found to be 
0 highly immunogenic in himian clinical trials (Bartlett et al, AIDS 12:1291 - 
1300 (1998), Graham et al. Abstract, AIDS Vaccine (2001)). Thus, 
understanding secondarj^ and higher order structures of the components of this 
polyvalent inmiunogen, as well as defining strategies to optimize gpl20 
immunogen antigenicity, is important to HI\^ vaccine design efforts. In 
5 addition, recent data suggest that the HW V3 region may be involved in 

regulating gpl20 interactions with HIV co-receptors, CXC chemolcine receptor 
4 (CXCR4) and chemokine receptor type 5 (CCR5) (Berger, AIDS Suppl. 
A:53-56 (1997)). 

In previous studies, nuclear magnetic resonance (NMR) has been used 
0 to characterize conformations of the multivalent immunogen C4-V3 peptides 
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in solution (de Lorimier et al, Biochemistry 33:2055-2062 (1994), Vu et al. 
Biochemistry 35:5158-5165 (1996), Vu et al, J. Virol. 73:746-750 (1999)).' It 
as been found that the V3 segments of each of the four C4-V3 peptides 
displayed evidence of preferred solution conformations, with some features 
shared, and other features differing among the four- peptides. The C4 segment, 
which is of identical sequence in aU the peptides, showed in each case a 
tendency to adopt nascent helical conformations (de Lorimier et al. 
Biochemistry 33:2055-2062 (1994), Vu et al. Biochemistry 35:5158-5165 
(1996), Vu et al, J. Vnol. 73:746-750 (1999)). 

The C4 sequence as a peptide does not elicit antibodies that bind native 
gpl20 (Palker et al, J. Immunol. 142:3612-3619 (1989), Haynes et al, J. 
Immunol. 151:1646-1653 (1993), Ho et al, J. Virol. 61:2024-2028 (1987), 
Robey et al, J. Biol. Chem. 270:23918-23921 (1995)). Tliis led to the 
speculation that the nascent hehcal confonnations exhibited by the C4 
segment noiglit reflect a confommtion not native to HI\^ gpl20. Amino-acid 
sequence homology bet^^.een the gpl20 C4 region and a human IgA CHI 
domain has been noted (Maddon et al. Cell 47:333-348 (1986)). By 
comparison to the structure of mouse IgA (Segal et al, Proc. Natl. Acad Sci 
USA 71:4298-4302 (1974)), the C4-homologous region of IgA has a p strand 
secondary structure (de Lorimier et al, Biochemishy 33:2055-2062 (I094)) 
Therefore, while the C4 gpl20 peptide in solution adopts nascent hehcal 
conformations, the native structure of tlris gpl20 C4 region may be quite 
different (ie, ii. the context of gp 120 have a p stx-and secondary structure). 

The present invention results, at least in part, from the results of a 
study with a tlu-ee-fold purpose. First, C4-V3HIVRF peptides with anaino acid 
substitutions designed to minimize C4 a -hehcal peptide conformation and 
promote p strand C4 secondar^^ structures were consti-ucted in order to induce 
anti-native gpl20 antibodies with the modified C4 peptide. Second, tests were 
made to detemrine if any of these mutated C4-V3RF peptides would enhance 
gpl20 V3 region peptide immunogenicity, and therefore augment anti-HIVRF 
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gpl20 V3 loop antibody responses. Finally, the solution conformers of each 
peptide studied immunologically were also solved using NMR to correlate 
peptide confomiers wdth peptide immunogemcity. 

SUMMARY OF THE INVENTION 

The present invention relates to a method of inducing neutralizing 
antibodies against HIV and to peptides, and DNA sequences encoding same, 
that are suitable for use in such a method. 

Objects and advantages of the present invention will be clear from the 
description that follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 : Suimnary of antibody binding titers to immunizing 
peptide after 2 or 3 boosts of 3 mice in each group with immunizing peptide. 
There was a slight enhancement of levels of antibodj'^ induced by the E9G 
variant after 2 but not 3 boosts^ while the E9V variant significantly boosted 
antibody levels compared to the C4-V3RF(A) peptide after 2 and 3 boosts, 
/oitibod)^ to the K12E variant induced by the K12E peptide was significantly 
lov/er than C4-V3RF(A) induced antibody levels after both 2 and 3 boosts. 

Figure 2: NMR spectra of the four C4-V3RF variant peptides. 

Figure 3 : C4e9v-V3S9.6 peptides bound better to human PB 
l^^mphocytes and monocytes than did the C4-V3 89.6 peptides. Similar data 
were obtained with the C4-V3 89. 6P and C4-E9V-89.6P peptides. Sequence 
of the C4-V3S9.6 peptide form HIV89.6 isolate was: 
KQIINMWQEVGKAMYA-TRPNNNTRRRLSIGPGRAFYARR; the 
sequence of the C4e9v-V389.6 peptide was: KQHNMWQVA^GKAMYA- 
TRPNNNTRRRLSIGPGRAFYARR; the sequence of the C4-V389.6P peptide 
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was: KQIimiWQEVGKAMYA-TRPNNNTRERLSIGPGRAFYARR; the 
sequence of tlie C4E9V-V389.6P peptide was: KQENMWQWGKAA^YA- 
TRPNNNTRERLSIGPGRAFYARR. 

Figure 4: Neutralization of BAL in PBMC. 

Figure 5: Neutralization of HI\/ primary isolates by sera from 
guinea pig (GP) 469 immunized with the C4-V3 peptide 62.19. The isolates 
tested are hsted on the right side. The grey and white areas indicate no 
neutralization. The red boxes indicate >50o/o neutralization. The titers are 
1:10, 1:30, 1:90 and 1:270 going across in each column. 

Figure 6: C4-V3 sequences tested. 

DETAILED DESCRTPTTOXT Qp THF, TXn/PMTTnxy 

The present invention relates to a composition comprising a 
multiplicity of imnmnogenic hj^brid peptides, each comprising two 
components. One component mcludes a T-helper epitope and can comprise 
residues from the C4 domain of HIV gpl20. The second component 
comprises residues from the V3 domain of gpl20 and includes a B cell 
neutralizing antibody epitope. 

Advantageously, the first component comprises about 16 contiguoas 
residues from the C4 domain (about residues 421 to 436) ai,d the second 
component comprises about 23-25 contiguous residues from the V3 domaix. 
(about residues 297 to 322). The components can, however, be longer, and 
can compnse, for example, the entirety of the cysteine to cysteine V3 loop 
region, or be shorter. Preferably, the V3 component is linked C tenninal to the 
C4 component peptide. The hybrid peptides can include additional sequences 
(e.g., Imlcers (e.g., cysteine, serine or lysine linkers) between the C4 and V3 
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components). The composition can, for example, comprise 5 to 10 hybrid 
peptides, 10 to 15 hybrid peptides or 25 to 30 hybrid peptides. The number of 
hybrid peptides used will depend, at least in part, on the target population. 

Preferred first components comprising residues from the C4 domain 
are shown in tlie Tables that follow (see particularly Tables 6 and 7). Otlier 
T helper determinants from HIV or from non-HIV proteins can also be used. 
For example, a ftirther T helper epitope suitable for use in the invention is 
from HIV gag (e.g., residues 262-278). One such sequence, designated 
GTHl, is YHR^WIILGLNKIVRMYS (from HIV p24 gag). Variants of this 
sequence can also be used. Alternatively, or in addition, a carbohydrate such 
as the outer membrane protein of pneuniococcus, or another carbohydrate or 
protein with immunogenic, T helper activity can be used. 

The V3 components of the hybrid peptides present in the instant 
composition ai'e selected so as to be representative of higher order structural 
motifs present in a population, which motifs mediate V3 functions in the 
course of envelope mediated HI\^ interaction with host cells. The Los Alamos 
National Laboratories Human Retroviruses and AIDS Database (Human 
Retrovimses and AIDS, 2000, Published b}^ the Tlieoretical Biology and 
Biophysics G T-10, Mail Stop K710, L/J^TL, Los Alamos, NM) presently 
contains over 14,000 HW V3 envelope sequences, showing the extraordinary 
diversity the virus has obtained since originating in man in Africa 
approximately 50 years ago. For example, among 432 HI\^-1 V3 sequences 
derived from individuals infected with subt3'pe C (designated "Clade C") in 
Africa currentlj' available in the HIV database, 176 distinct variants of a 23 
amino acid stretch at the tip of the V3 loop have been found. Similarly, 
among 6S70 B subtype (designated "Clade B") V3 sequences from the US^ 
1514 unique forms have been foxmd. 

A method has been developed to organize short antigenic domains by 
protein similarity scores using maximmn-linlcage clustering. This method 
enables tlie visualization of the clustering patterns as a dendrogram, and the 
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splitting patterns in the dendrogram can be used to define clusters of related 
sequences (Korber at al, J. Virol. 68:6730-6744 (1994)). The method allou^s 
the use of several different amino acid similarity scoring schemes available in 
tlie literature, preferred is the amino acid substitution matrix developed by 
Henikoffand Henikoff (see Advances in Protein Chemistry 54:73-97 (2000) 
and Proteins: Structure, Function and Genetics 17:49-61 (1993)), designed to 
give substitutions that ai-e well tolerated in conserved protein structural 
elements a high score, and a low score to those that are not. Typically 
excluded from consideration very rare, highly divergent peptides, and favored 
are peptides found in many individuals within the population. In a selected set 
of sequences , most of the unique forms are within one or two amino acids 
from a least one other of the peptides chosen. This method has been apphed to 
clustering the large number of variants of the antigenic tip of the V3 domain 
within Clade B and Clade C into groups (about 25) that are likely to be cross- 
reactive within the group. Based on these clustering patterns, variants (e.g., 
about 25-30) are selected tlaat are representative or "central" to each group, for 
testing for antigenicity. The HIV Clade B and Clade C gpl20 envelope V3 
sequences have been analyzed, as described above, for groups of V3 
sequences predicted to have structural similarities. Twenty five Clade C and 
30 Clade B groups have been defined, and chosen out of each group is a 
common, or the most common, sequence as a representative of that group. 
The selected V3 sequences have been included in a C4-V3 design thereby 
providing a 25 peptide Clade C immunogen, and a 30 peptide Clade B 
immunogen (see Tables 6 and 7). 
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Table 6 

C4-V3 design of Clade C V3 sequences 

C4-V3-C i KQHNMWQ WGKAMY A-trpnmtrksirigpGqtfyatg 
C4-V3-C2 KQnNMWQWGKAMYA-trpniintrksirigpGqtfyaRg 

5 C4-V3-C3 KQnNMWQWGKAJNIYA-trpmmtrksirigpGqtfyaAg 
C4-V3-C4 KQIINMWQWGKAMYA-IrpnimtrksVrigpGqtfyatg 
C4-V3-C5 KQIINMWQWGKAMYA-trpmmtrksirigpGqtfFatg 
C4-V3-C6 KQIINMWQWGKAMYA-trpnimtrksirigpGqtfyatN 
C4- V3-C7 KQIINMWQ WGKAMY A-trpnimtrEsiri gpGqtfyatg 

0 C4-V3-C8 KQIINMWQ^^GKAMYA-trpnnntrRsirigpGqAiyatg 
C4-V3-C9 KQIINMWQWGKAMYA-trpmintrkGirigpGqtfyatg 
C4-V3-C1 0 KQIBSnvrWQ WGKAJVtYA-trpSnntrksirigpGqAfyatg 
C4-V3-C1 1 KQIINMWQ WGKAMY A-trpSmitrksirigpGqtfyatN 
C4-V3-C12 KQIIP<rRl^^QWGIvAB«Y"A-trpSnntrEsirigpGqtfyatg 

5 C4-V3 -C 1 3 KQIINMWQ WGIsL^lYA-trpnnntrksMrigpGqtfyatg 
C4-V3-C14KQIINT^1[WQWGICAMYA-trpGimtrksMrigpGqtfyatg 
C4-V3-C1 5 KQIINMWQ WGKAMY A-trpGnntrksirigpGqtLyatg 
C4-V3-C1 6 KQIINM^^'QWGKAMYA-VrpnnntrksVrigpGqtSyatg 
C4-V3-C1 7 KOimR/P¥OWGlCAMYA-trpGnntrRsirigpGqtfya.tg 

0 C4-V3-C18 KQIINm¥QWGICARfYA-IipGnntrksVrigpGqtfyatg 
C4-V3-C1 9 KQIININIWQ WGKAMY A-trpramtrksirigpGqAfyatN 
C4-V3-C20 KQnNMWQWGKAMYA-trpimntrQsirigpGqAfyatK 
C4-V3-C21 KQnNM^VQV^^GKAMVTA-trpGnntrksirigpGqAfFatg 
C4-V3-C22 KQIINMWQWGKAMYA-tipGmitrksVrigpGqAfyatN 

5 C4-V3-C23 KQIINMWQWGKAMYA-trpnnntrkGiHigpGqAfyaAg 
C4-V3-C24 KQnNMWQWGKAMYA-tipmintrkGiGigpGqtfFatE 
C4-V3-C25 KQHNMWQ WGKAMYA-trpGnntrEsiGigpGqAfyatg 
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Table 7 

C4-V3 peptides Clade B 

C4-V3-396.2 KQIINMWQWGKAMYA-RPNNNTRRN1HIGLGRRPYAT-* 
C4-V3-170.6 KQIINMWQWGKAMYA-RPNNNTRRSVRIGPGGAMFRTG* 
C4-V3-82.15 KQnNMWQWGKAAfYA-RPNNNTRRSIPIGPGRAFYTTG* 
C4-V3-144.8 KQHNlNmQWGKAm^A-RPDNNTVRKIPIGPGSSFYTT-* 
C4-V3-23.38 KQHNMWQWGKAMYA-RPIKffiRiCRIPLGLGKAFYTTK* 
C4-V3-365.2 KQIINMWQWGKAM\^A-RPSNNTRKGIHLGPGRAn^ATE* 
C4-V3-513.2 KQHNMWQVVGKAMYA-RPSIWTRKGIHMGPGKAnTTD* 
C4-V3-1448JKQIIN^lWQVVGKAMYA-RPGNTTRRGIPIGPGRAFFrTG* 
C4-V3-69.18 KQHNIMAVQWGKAMYA-RPNNNTRKSIRIGPGRAWATD* 
C4-V3-146.8 KQIINM\^.QWGKAMYA-RPGNNTRRRISIGPGRAFVATKH. 
C4-V3-1 13.1 KQIIN1MWQWGKAMYA-RPNNNTRRSIHLGMGRALYATG-* 
C4-V3-51.23 KQII^^^lAVQ^/^/GKAMYA-RPSNNTRRSIHMGLGRAF\TTG-- 
C4-V3-72.18 KQm-m/rWQirvGlCAMYA-RPNNNTRKGINIGPGRAFYATG-* 
C4-V3-36.29 KQHNMWQWGICARIYA-RPNNNTRKGIHIGPGRTFFATG-* 
C4-V3-70.1 S KQIBSnvrWQWGKARIYA-RPNNNTRKRIRIGfflGPGRAFYATG* 
C4-V3-89.14 KQHNmVQWGKAMYA-RPSINKRRHIHIGPGRAFYAT-* 
C4-V3-163.7 KQIINMWQVVGKAMYA-RLWYRRKGIHIGPGRAn^ATG* 
C4-V3-57.20 KOII^mWQWGP^^J^^YA-RPNRHTGICS^RA4GLGRAWHT^R* 
C4-V3-11.85 KQII^lTm¥0■^^y-GtCAR^rA-RP^I^MTRI<:S]^IIGPGRAF-^^^ 
C4-V3-34.29 KQIE^'Ql^/GICABfYA-RPNNNTRKSIQIGPGRAFYTTG---'^ 
C4-V3-L4S1 KQIINMWQWGIvAMYA-RPNNNTRiCSIHIGPGRAFYTTG---* 
C4-V3-85.15 KQHNMWQWGKAlSIYA-RPNNNTRKSIHIAPGRAFl^rrG---* 

C4-V3-62.19 KQnNMWQWGKARn^A-RPNNNTRICSmiGPGRAFYATE * 

C4-V3-125.9 KQ^N]^WQWGKAMYA-RPNNNTRRRISMGPGR^/LYTTG* 
C4-V3-35.29 KQHNMWQWGKAMYA-RPNNNTRKRISLGPGR^/l^nTG- 
C4-V3-74.17 KQnNMWQWGKAm^A-RPNNNTRICRMTLGPGKWlTTG* 
C4-V3-46.26 KQIINMWQWGKAMYA-RPDNTffiQRIIHIGPGRPFYTT-* 
C4-V3-122.9KQnNMWQWGKAMYA-RPNYNETICRIRIHRGYGRSFVTVR* 
C4-V3-162.7 KQHNMWQWGKAMYA-RPGNNTRGSIHLHPGRKFYYSR* 
C4-V3-3.323 KQHNMWQWGKAMYA-RPNNNTRKSINMGPGRAFYTTG 
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While the above is offered by waj' of example, it will be appreciated 
that the same analyses can by performed for HIV Clades A, E, F, G, H, M, 
N, O, etc, to design V3 immimogens that react with HIV primary isolates from 
these Clades. 

5 En addition to the sequences described in Tables 6 and 7, a substitution 

has been made in the C4 sequence at position 9 from E to V to enhance the 
binding of the C4 region to human immune cell membranes, and to increase 
inmiunogenicity (see Example that follows). Substituting V for E at position 9 
of C4 results in the C4-E9V-V3RF(A) peptide inducing 2-3 logs higher anti- 

10 gp 120 V3 region antibody levels compared with the original C4-V3RFA(A) 
peptide. The effect of the E9V substitution is not species specific. Wliile not 
wishing to be bound by theory, the data m^y indicate tlaat the ability of the 
E9V variant peptide to enliance B cell antibody production is not MHC 
specific btit rather it relates in some manner to non-MHC specific factors, such 

15 as the abilit}^ of the peptides to bind to the lipid bilaj^er of immune cells. The 
data presented in Figure 3 demonstrate the ability of C4e9v-V389.6 peptides to 
bind to hmnan PB Ijonhocytes and monocytes. The ability of the C4 and 
C4E9V "T helper" determinants to facilitate irmnunogenicity of the V3 region 
rriay be due to the abilit)^ of helical amphipathic structures to interact witli 

2 0 lipid bilayers in a tion-MHC related marmer and promote peptide 

internalization. The invention encompasses the use of C4 sequences in 
addition to those described above. 

In addition to the composition described above, the invention 
encompasses each of the hybrid peptides disclosed as well as each of the 
25 components (C4 and VS), alone or in covalent or non-covalent association 
with other sequences, as well as nucleic acid sequences encoding anj^ and all 
such peptides. The invention provides an HIV immunogen that can induce 
broadly reactive neutralizing antibodies against HTV of multiple quasispecies, 
and across clades. With reference to Example 3, the "dual D" HIV isolate, 

3 0 neutralized by serum from GP 469 immunized with peptide 62.19 to a titer of 
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1 :30, IS a Clade A/G recombinant HIV isolate. This demonstrates that this 
peptide (62.19), for example, can induce antibodies against a non-B HIV 
isolate. The 62. 19 and other V3 sequences in Figure 6 and Tables 1 0, 11 and 
12 can be expressed either alone or, for example, as a C4-V3 sequence, as in 
' Figure 6. It will be appreciated that the same analysis described in Example 3 
can by perfonned for any of HIV Clades A, D, E, F, G, H, M, N, O, etc to 
Identify V3 imi^unogens that react with HIV primary isolates from one or 
more of these Clades. 

The peptide immunogens of the invention can be chemically 
synthesized and purified using metlaods which are well known to the 
ordinarily skilled artisan. (See, for example, the Example that follows ) The 
composition can comprise the peptides linked end to end or can comprise a 
mixture of individual peptides. The peptide imia.unogens can also be 
■synthesized by well-know recombinant DNA techniques. Recombinant 
syntl.esis may be preferred when the peptides ai-e covalently linked Nucleic 
acids encodmg the peptides of the invention can be used as components of, for 
example, a DNA vaccine wherein the peptide encoding sequence(s) is/are 
administered as naked DNA or, for example, a minigene encoding the peptides 
can be present in a viral vector. THe encoding sequence(s) can be present, for 
example, m a replicating or non-rephcating adenoviral vector, an adeno- 
associated virus vector, an attenuated mycobacteriun. tuberculosis vector a 
Bacillus Calmette Guerin (BCG) vector, a vaccinia or Modified Vaccinia 
Anlcara (MVA) vector, another pox virus vector, recombinant polio and other 
entenc virus vector, Sahnonella species bacterial vector. Shigella species 
baotenal vector, Venezuelean Equine Encephalitis Virus (VEE) vector a 
Semhki Forest Vir.s vector, or a Tobacco Mosaic Vims vector. Hie encoding 
sequence(s), can also be expressed as a DNA plasmid with, for example aza 
active promoter such as a CMV promoter. Other live vectors can also bl used 
to express the sequences of the iiavention. Expression of the immunogenic 
peptides of the invention can be induced in a patient's own cells by 
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introduction into tliose cells of nucleic acids that encode the peptides, 
preferably using codons and promoters tliat optimize expression in human 
cells. Examples of methods of mating and using DNA vaccines are disclosed 
in U.S. Pat Nos. 5,580,859, 5,589,466, and 5,703,055. 

The composition of the invention comprises an immunologically 
effective amount of the peptide immunogens of this invention, or nucleic acid 
sequence(s) encoding same, in a pharmaceutically acceptable delivery system. 
The compositions can be used for prevention and/or treatment of 
immunodeficiency virus infection. The compositions of the invention can be 
formulated using adjuvants, emulsifiers, phamiaceutically-acceptable carriers 
or other ingredients routinely provided in vaccine compositions. Optimum 
formulations can be readil)^ designed by one of ordinary skill in the art and can 
include formulations for immediate release and/or for sustained release, and 
for induction of systemic immunity/" and/or induction of localized mucosal 
immunity (e.g, the fomiulation can be designed for intranasal administration). 
The present compositions can be administered by any convenient route 
including subcutaneous, intranasal, oral, intramuscular, or other parenteral or 
enteral route. The immunogens can be administered as a single dose or 
multiple doses. Optimum immunization schedules can be readily determined 
0 by the ordinarily skilled artisan and can vary with the patient, the composition 
and the effect sought By v^ay of example, it is noted that approximately 
50p.g-100|j.g of each hybrid peptide can be administered, for example, 
intramuscularly (e.g. 3x). 

The invention contemplates the direct use of both the peptides of the 
5 invention and/or nucleic acids encoding same and/or the peptides expressed as 
minigenes in ihe vectors indicated above. For example, a minigene encoding 
the peptides can be used as a prime and/or boost. Importantly, it has been 
recently shown that recombinant gpl20 is not efficacious as a vaccine for HTV 
in phase IE trials (EUas, P., Durham Morning Herald, Feb. 25, 2003; VaxGen 
0 News Conference, February 24, 2003). Thus, it would be advantageous to 
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express, for example, the 62.19 V3 loop and/or other V3 loops in Table 1 1 or 
12 in the context of gpl20 molecules or gpl60 or gpl40 molecules, either as 
expressed soluble recombinant proteins, or expressed in the context of one of 
the vectors described above. This strategy takes advantage of the ability to 
express native V3 conformations within a whole gpl20 or gpl40 or gpl60 
HIV envelope protein. 

One of the preferred gpl20, gpl40 or gpl60 envelopes that, for 
example, 62.19 V3 loops can be expressed with is that of consensus or 
ancestral RW envelope artificial sequences (Gaaschen et al. Science 
296:2354-2360 (2002)). Although artificial and computer designed, one such 
sequence (the consensus of consensus envelope) gpl20 (con 6) has been 
shown to bind soluble CD4 and anti-gpl20 mabs A32, lbl2, 2G12. After 
binding mab A32 or soluble CD4, tlie con 6 gpl20 binds the CCR5 binding 
site mab 176 - indicating a "native" gpl20 confomiation. 

Thus, the entire V3 loops from the Los Alamos Database from the 
sequences of one or more of the peptides in Table 11 or 12 can be expressed in 
the consensus (con 6) or other consensus or ancestral gpl20, gpl40, or gpl60 
envelope protein, or expressed in a native gpl20, gpMO, or gpl60, such as 
Hry- BAL or HIV JRFL, and used as an iimnunogen as a recombinant 
envelope protein, or used as an immunogen expressed in one of the vectors 
above. 

The V3 peptides or recombinant proteins can be used as primes or 
boosts with the V3 peptides or recombinant gpl20s, gpl40s or gpl60s 
expressed in the above vectors used as primes or boosts. 

A preferred innnunogen is the consensus 6 gpl20 expressing the Mi- 
length 62.19 V3 loop, expressed as a DNA plasmid as a primary 
inmiunization, followed by adenovirus expressing the Con 6 envelope 
expressing the 62. 19 V3 sequence from the Los Alamos Database as a booster 
iiTununization. 
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Certain aspects of the invention can be described in greater detail in the 
non-limiting Example that follows. 

EXAMPLE 1 

Experimental Details 
5 Peptide design, synthesis and purification. 

Peptides were designed, as shown in Table 1. It was hypothesized that 
alteration of the C4 sequence to reduce its helical conformational tendency in 
peptides might cause eiirichment of solution conformers resembling a p strand 
conformation. This in turn might cause C4 to be immunogenic for antibodies 

10 recognizing the native confomiation of the C4 (part of the CD4 binding site) 
region of gpl20. The present work describes tests of this h)/pothesis in 
chmieric peptide C4-V3 RF, which has a V3 segment from gpl20 of HIV 
strain RF, and three sequence variants wherein single amino-acid replacements 
have been introduced at position 9 in the C4 segment, Glu (E) to Gly (G), Glu 

15 (E) to Val (V), and at position 12, Lys (K) to Glu (E) (Table 1). These 

replacements were made in part to dismpt possible stabilization of helical 
conformations due to side-chain (U i-^S) charge interaction beUveen E9 and 
K12 (Scholtz et al, Biochemistry 32:9668-9676 (1993)). In addition, the 
substitution in C4e9g-V3RF(A) v/as expected to disfavor helix formation by 

2 0 introducing greater main-chain flexibility (Chalcrabartty et al, Adv. Protein 
' Chem. 46:141-176 (1995)). Furthemiore the substitution in C4e9g-V3RF(A) 
introduced two adjacent valine residues wlxich has been h)/pothesized to favor 
extended conformations. Thus, the parent peptide, C4-V3RF(A) (Hajoies et al, 
AID Res. Human Retroviruses 11:211-221 (1995)) contained 16 N-temiinal 

2 5 residues from the C4 domain of gpl20iirB and 23 C-terminal residues from the 
V3 domain of gpl20 of HROIF. 
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Peptides were synthesized by fluorenylmethoxycarbonyl chemistry on 
an ABI 43 lA peptide synthesizer (Applied Biosystems, Inc., Foster Cit>^, CA), 
then purified reverse-phase high performance Uquid chromatography. The 
purity and identity of the product were conFimied by determining molecular 
mass by electrospray mass specti-ometry. 

Immunization methods. 

Mice were immunized with 50|ig of the indicated peptide in 
incomplete Freund's adjuvant (1SA5L Seppic Inc., Paris France) at weeks 0, 
3, and 7 and bled at weeks 1, (bleed 1 after boost 1), week 5 (bleed 2 after 
boost 2) and week 8 (bleed 3 after boost 3). Immune responses were seen after 
bleed 2 in most animals and data are reported fi-om bleeds 2 and 3. 

Guinea pigs were immunized intranasally with 200p,g of C4-V3 
peptide in saline with lp.g of cholera toxin as adjuvant as' described. Guinea 
pigs were immunized on day 0^ day 14 and day 21 and serum samples before 
and 1 week following each immunization obtained by cai'diac puncture. 

ELISA Assay. 

Anti-HIV env peptide ELISA assays were performed as previously 
described (Ha^aies et al, J. himiunol. 151:1646-1653 (1993), Ha.jnies et al, 
AID Res. Human Retroviruses 1 1 :21 1-221 (1995)). 

Spleuocyte Proliferation Assay, 

Mouse splenocyte proliferation assaj^ using 'H-thjonidme 
incorporation was perfomied as previouslj^ described (Haynes et al, AID Res. 
Human Retrovimses 11:211-221 (1995)). 

Neutralizing Antibody Assays. 

Assays for ability of anti-HIV antisera to neutralize HTV were 
performed as described (Palker et al, J. ImumunoL 142:3612-3619 (1989), 
Haynes et al. Trans. Am. Assoc. Physician 106:31-41 (1993), Haynes et al, J. 
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Immunol. 151:1646-1653 (1993), Hayiies et al, AID Res. Humai. Retroviruses 
11:211-221 (1995)). 

NMR spectroscopy. 

Peptides were dissolved to 4 mM in a solution of 90% 'HjO, 10% ^H,0, 
20 mM NaCl, 5 mM KH2PO4, 1 mM sodium azide, 0.5 mM sodium 3- 
(tiimethylsilyl) propionate, at a pH of 4.2. The methyl resonance of the latter 
component served as a chemical shift reference. 

Spectra of samples prepared in this way were acquired with a Vaiian 
Unity 500 MHz spectrometer at a temperature of 278 K. The lock signal was 
fi-om deuterium in the sample. The following two-dimensional spectra were 
obtained: (a) double-quantum-filtered correlation spectroscopy (DQF-COSY) 
(Piantini et al, J. Am. Chem. Soc. 104:6800-6801 (1982), Ranee et al, 
Biochem. Biopjys. Res. Commun. 117:479-485 (1983)); (b) total correlation 
spectroscopy (TOCSY) (Bax et al, J. Magn. Reson. 65:355-360 (1985), Le.dtt 
et al, J. Magn. Reson. 47:328-330 (1982)) with a mixing time of 150 ins; and 
(c) nuclear Overhauser exchange spectroscopy (NOESY) (Jeener et al, J. Phys. 
Chem. 71:4546-4553 (1979)) with a mixing time of 300 ins. Water resonai.ce 
war, suppressed by selective saturation during the relaxation delay, and, for 
NOESY, during the mixing period. The spectral width was 6700 Hz, with the 
indi:-ectly acquired dimension collected as 750 (COS^Q, 512 (TOCSY), or 350 
(NOESY) complex increments; and the directly acquired dimension 
containing 1 024 complex points. Data were processed with FELK 2.3 
so We (Biosjan, San Diego, CA). Directly acquired free-induction decays 
were corrected for base-line offset. Decays in both dimensions were multiphed 
by a sinebell-squared function (phase shifted by 75°) and zero-filled to 2048 
points before Fourier-transformation. 

Peptide Membrane Binding Assay. 

Peptides at lOOng/ml were incubated with 106 peripheral blood 
mononuclear cells for 1 hour at 4°C, washed x3 with phosphate buffered saline 
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PHz 7.0, contained 0.1% sodium azide, then incubated guinea pig anti-HIV 
89.6 V3 antisera (xlhr) (Liao et al, J. Virol. 74:254-263 (2000)), wash as above 
and then incubated with FITC-conjugated goat anti-guinea pig IgG. After a 
final wash as alone, the cells were analyzed for the relative amount of peptide 
bound to either PB lymphocytes or PB monocytes as reflected in the mean 
fluorescent channel (MFC) of reactivity of the anti-HIV 89.6 V3 antisera. 

Results 

Anti-gpUO V3 Antibody Responses Follownng Immunization of Mice With C4- 
V3RF, C4e9V-V3RF(A), C4e9G' V3RF(A) and C4kj2e- V3RF(A) Peptides, 

First, the abiUty of C4- VSHR^RF variants to modulate the 
immunogenicit}^ of the peptide with regard to antibodies to the V3 portion of 
the C4-V3 inimunogen were assayed. The results (Figure 1, Table 2) show 
differences among the four peptides in their ability to induce anti-HIVRF V3 
antibody responses. Sera firom C4E9v-V3RF(A)-immunized mice had a log 
higher anti-V3 antibody titer than either mice immunized with the native C4- 
V3RF(A) peptide or the C4E9V-V3RF(A) peptide variant. After one 
inmiunization, no anti-V3RF antibody response was seen in mice immunized 
with eitlier C4-V3RF(A), C4Eor;"V3RF(A), or C4ici2e-V3RF(A) peptides. 
However, after only one iiTxniunization with 50|.i.g of the C4e9v-V3 peptide, the 
0 geometric mean titer to V3RF(A) peptide was 1 :5012 (n =3 mice), with titers 
of 1 :3200, 1 :3200 and 1 :12,800 in each of the three mice tested, respectively. 
Thus, the E9V C4-V3RF(A) variant induced a liigher titer and earlier anti-gp 
120 V3 antibody responses than the other C4-V3RF(A) peptides tested. After 
2 boosts, C4E9v-V3RF(A)-immunized mice had 2 logs higher anti-V3 antibody 
5 responses than did C4-V3RF(A) immunized mice (Figure 1, Table 2). 
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The C4ki2E-V3RF(A) peptide variant induced anti-V3 antibody 
responses 3 logs lower than the C4-V3RF(A) peptide after 2 immunizations 
(Figure 1, Table 2). Thus, single amino-acid replacements in the C4 T helper 
region had extraordinary effects on iinmunogenicity of the HIVRF gpl20 V3 
domain. 

Comparison of the Ability of C4-V3RF(A) Peptides to Induce Anti-HWgpl20 
Peptide 3H-Tliymidine Incoiporation in Splenoc}>tes From Naive and Peptide- 
Immimized Mice, 

Next, C4-V3 peptides were tested for their ability to stimulate 
prohferation of splenocytes from pep tide-immunized mice. Balb/c mice were 
sacrificed after the third peptide immimization and their splenocytes assayed 
for tlie ability to proliferate to PHA and to each peptide type (Table 3). It was 
found that C4-V3RF(A), C4e9v-V3RF(A), and C4ki2e-V3RF(A) peptides all 
induced /// vitro proliferative responses to the immunizing peptides, whereas 
the C4e9g-V3RF(A) variant peptide did not induce proliferative responses in 
E9G-primed mice significantlj' over responses of naive mice (Table 3). 
Regarding the ability of the E9V peptide variant to induce earlier and greater 
anti-V3 antibody responses compared to the other peptides tested, the C4e9v- 
V3RF(A) peptide-primed splenocytes for proliferation to the immunizing 
peptide only minimally better than did each of the other three peptides (Table 
3). Tlius, altered induction of T helper cell proliferative responses did not 
explain the differences in peptide imniunogenicity. 
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Tlie lower antibody titer induced by the C4ia2E-V3 peptide against 
V3RF(A) was not an artifact attributable to lack of ability of the V3 peptide 
not binding to the ELIS A plate, as sera from C4H9v-V3RF(A)-induced antisera 
had high reactivity to the V3RF(A) peptide on the ELISA plate. Sunilarly, the 
C4ki2e-V3RF(A) peptide could bind anti-V3RF antibody, as multiple antisera 
raised against C4-V3 peptides bound the C4ki2e-V3 variant (Table 2). 

Antibody levels to the C4 region were also tested. The C4 region 
induced only a minimal antibody response compared to the V3 region, with all 
the C4-V3 peptides tested (Table 2). 

Anti-gp no V3 Antibody Responses Following Immunization of Gtdnea Pigs. 

Next, 2 guinea pigs were immunized each with 200^g of C4-V3RF(A) 
C4H.O-V3 RF(A)., C4HPV-V3 RP(A) or C4k...-V3 RF(A) peptide intranasally ' 
with lM.g cholera toxin adiuvant in saline, hilxanasal immunization of peptides 
with cholera toxin has been previously shown to resuh in CTL and titers of 
anti-peptide antibody similar in levels to titers induced by initial antigens 
admmistered subcutaneously or intramuscularly m oil in water adjuvants such 
as complete and incomplete Freund's adjuvant. Ii. addition, it was desirable to 
detemiine the ability of C4-V3 peptides in an aqueous solution (such as in 
salme for intranasal immunization) to induce airti-HIV antibody response, in 
order to correlate reactivity of antibodies generated against peptide in an 
aqueous adjuvant witli peptide confoi™ solved in an aqueous solution ' 
Finally, there was interest in determining if the amino acid substitutions in the 
C4 region confen-ed on the C4-V3 peptides the same pattern of 
immunogenicity as seen in oil in water adjuvant in mice. 

It was found that after 2 immunizations the C4-V3 RF(A) peptide 
induced a mean anti-HW peptide antibody titer of 3981, peptide induced titers 
of 1 log (GMT = 31,623) higher. As in mice, substituting the Glu (E) for Lys 
(K) at position 12 in the C4 peptide abrogated peptide immunogenicity in 
guinea pigs (GMT = 1 6) (Table 4). 
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TABLE 4 

Titers of C4-V3 HIV Envelope Antibodies Induced by 



C4-V3RF(A) Peptides in Guinea Pigs 


Imraunizing Peptide 


Titer Against Immunizing Peptide* 


C4-V3RF(A) 


3,981 


C4-E9G-V3RF(A) 


2,818 


C4-E9v-V3RF(A) 


31,623 


C4-Ki2E-V3RF(A) 


16 



*Data represent the mean titers from 2 animals after 2-3 in-miunizations 
intraiiasally with 400ug of the indicated peptide formulated in saline with 
10 cholera toxin as an adjuvant. 

Ability of Antibodies Against C4~ V3 Peptides to Induce Neutralizing 
Antibodies. 

In order to induce high levels of neutralizing antibodies with C4-V3 
15 peptides^ usuall)^ 5 immunizatic^n? aTe given (Palker et al, J. Immunol. 

142:3612-3619 (1989), Ha^Ties et al, J. Immunol. 151:1646-1653 (1993), 
Pallcer et al, Proc. Natl. Acad. Sci. USA 85:1932-1936 (19SSX Liao et al, J. 
Virol. 74:254-263 (2000)). The guinea pig sera from the experiment presented 
in Table 4 were tested for abilit>^ to neutralize HIVRF. It was found that one 
2 0 sera from the C4-V3RF(A)-iminuni2ed animals (after 3 injections) had a 
neutralizing antibod}^ titer of 1:40 against HR^RF, while one animal of the 
C4E9v-V3RF(A)-mjected animals had a neutralizing titer of 1:340 after only 2 
injections. Thus, antibodies induced by the C4e9v-V3RF(A) peptide can bind 
to native gpl20 and neutralize HIVRF. 
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Inability of the C4-E9V-RF(A) Sera to Bind to gpl20 from HWuib. 

The V3 loop sequence of HIV„,b is different from that of HIVRF, and 
thus HIVRF anti-V3 neutralizing antibodies do not neutralize m\r^^. To 
determine if any antibodies were generated by any of the C4-V3RF(A) variant 
peptides, all tlie mouse sera in Table 2 were tested, as were the guinea pig sera 
in Table 4, for the abihty to bind to native recombinant HIVi„b gpl20 in 
ELISA. Since anti-HR/RF V3 antibodies do not bind to the HIVi„b V3 loop, 
any binding activity of these anti-C4-V3 sera would be to the C4 region of ' 
HR/i„B, which is conserved between HIVniB and HIVRF. No binding of any 

mouse or guinea pier anti-C4-V3 cierp tn wn/ rr^ i on , ■ 

P miu V seia to iliVjHB gpl20 was seen, mdicating the 

inability of these peptides to induce antibodies against the native gpl20 C4 
region. 

Conformational Propensities of €4- V3 RF Sequence Variants in Aqueous 
Solution. 

Next, the peptides were examined by NMR to detemiine whether 
conformational changes had been induced by amino-acid sequence alteration. 
It was hjT^othesized that specific amino-acid substitutions in the C4 segment 
would lead to a decrease in the tendency of this region to adopt ti-ansient 
helical confonnations. To test this hj^-othesis, each of the foiu peptides, C4- 
V3RF and variants E9G, E9V and K12E, was subjected to 'H NMR 
spectroscopy to assign resonances and to analyze nuclear Overhauser effects 
betxveen hydrogen nuclei on separate residues. 

Resonance assignments for nearly all 'h were determined from 
TOCSY, DQF-COSY, and NOES Y spectra by standai-d methods (Wutlmch 
NMR of Proteins and Nucleic Acids, .Tohn Wiley and Sons, New York 
(1986)), and are shown in Figure 2. The value of the chemical shift for a 
main-chain 'H, for example, the a carbon C^H, is correlated with secondary 
stmcture in the case of proteins or well structured peptides (Wishart et al J 
Mol. Biol. 222:3 1 1-333 (1991)). Hence, strong tendencies among C4-V3RF 



25 



wo 2004/075850 



PCTAJS2O04/O05497 



peptides to adopt secondary structure in solution maybe manifested in 
chemical shift values. This was examined by calculating for each peptide tlie 
difference m chemical shift between the C-H of each residue and a shift value 
representing the average for all secondary structures in proteins (Wishart et al, 
5 J. Mol. Biol. 222:31 1-333 (1991)). In no peptide were there stretches of 

sequence with high or low values of the chemical shift difference that would 
be evidence of stable secondary structure, for example helix or P strand. 

NMR parameters such as chemical sliift and coupling constants are 
often insensitive indicators of weak preferences for particular conformations 
0 since their values are the average of the entire population, thus obscuring the 
contribution of a slight bias for populating certain confomiations. The nuclear 
Overhauser effect (NOE) is often more sensitive at revealing conformational 
propensities because it may give rise to a unique signal, although weak, on a 
background consisting only of random noise. Hence, NOESY spectra of C4- 
5 V3RF and its variants v/ere characterized to identify each signal and evaluate 
its relative intensity. Sequential and medium range NOEs involving main- 
chain NH or CaH are listed in Figure 2. These NOEs and the possible 
confomiational propensities they represent are discussed as follows for C4e9G- 
V3RF(A) and C4eov-V3RF(A). Variant C4Ki2E-V3r<F(A)K12E is discussed 
0 separatel3^ below because it was studied under different conditions. 

In temis of overall confomiation. all four peptides showed NOE 
pattems suggesting no tendency to adopt stable structure. For example, 
sequential daN(7:, i+I) and dNN(i, i-^I) NOEs were usually both present for 
each sequential pair of residues, with the fonner typically more intense, 
5 indicating that f and j main-chain dihedral bond angles-varied and maintained 
on average an extended confomaation (Dyson et al, Ann. Rev. Biopliys. Chem. 
20:519-538 (1991)). Also the absence of long range NOEs [(i, or greater] 
and the few and generally weak medium-range NOEs suggested no significant 
population of higher order structure. 
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However, the fact that some medium range NOEs were detected is 
evidence of propensity to adopt non-random conformations in certain regions 
(Dyson et al, Ann. Rev. Biophys. Chem. 20:519-538 (1991)). Although only 
one mixing time was used for NOESY spectra (300 ins), previous studies of a 
related C4-V3 RF peptide (de Lorimier et al, Biochemistry 33:2055-2062 
(1994)) showed that medium range NOEs were still observable at shorter (75 
and 150 ins) mixing times. Hence, the NOEs indicating medium range 
interactions are not likely due to spin-diffusion. 

Within the C4 segment C4-V3RF and C4e9v-V3RF(A) showed 
numerous medium range NOEs which are consistent with a tendency of this 
region to populate nascent helical confomaations. The presence of contiguous 
or overlapping daN(i,i+2) NOEs from Trp'to Tyi-'^(C4-V3RF) and from Ile^ 
to Lys^^ (E9V) indicates a propensity for nascent heHcal tmns in these regions 
(Dyson et al, Ann. Rev. Biophys. Chem. 20:519-538 (1991), Dyson et ajj 
Mol. Biol. 201:201-217 (1988)). A dNN(iJ^2) NOE in this region in C4-V3 
RF (between Lys'^ and Met"*) is also consistent with main-chain f and j 
dihedral angles representative of heHcal turns (Dyson et al, Ann. Rev. 
Biophys. Chem. 20:519-538 (1991)). C4-V3 RF shows three consecutive 
daN(W) NOEs from residues Va^ to Tyr-'-\ which is highly ixadicative of 
m helical turns. The presence of equivalent NOEs in E9V could not be 
ascertained due to overlap with other NOEs. However both C4-V3RF and 
E9V show t^vo dab(W) NOEs, between Val>° and Ala'-^ and betv^^een Ala'^ 
and Met'^ This type of NOE is also highly suggestive of full helical turns in 
these regions of C4. 

Variant C4H9G-V3RF(A)on the other hand showed no evidence, in 
temas of medium range NOEs, for preferential population of certain 
confonnations in C4. This absence of medimn range NOEs was not due 
merely to ambiguities caused by signal overlap, because there were at least 
five positions where an NOE was miambiguously absent in C4e9g-V3RF(A) 
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but present in the parent peptide C4-V3 RF. Thus, the E to G substitution in 
the C4 peptide appeared to prevent hehcal conformer formation in tlie peptide. 

In the V3 segment of the three peptides, C4-V3 RF, C4e9g-V3RP(A) 
and C4e9v-V3RF(A), were medium range NOEs suggesting preferred solution 
conformations in certain RE regions. All three peptides showed evidence of a 
reverse turn in the sequence Arg^^-Pro^^-Asn^^-Asn^\ where these residues 
comprised positions 1 to 4, respectively, of the turn. The NOE pattern 
consistent with a reverse turn included a weak dNd(iJ.-^l) between Arg^^ and 
Pro^^, tmdetectable ddN(ij^l) between Pro^^ and Asn'^^ weak dadftj-^l) 
between Arg^^ and Pro^^, strong daN(iJ'^l) between Pro^^ and Asn*^^, and 
detectable daN(iJ-^2) between Pro^^ and Asn"^ (Dyson et al, J. Mol. Biol. 
201:161-200 (198S)). The detection of the weak dNd(Ui+l) NOE (Arg^^ to 
Pro'^) suggested that a Type I turn may be the preferred conformation (Dyson 
et aU J. Mol. Biol. 201:161-200 (19SS)). 

AH three peptides also showed evidence of prefened conformers at the 
sequence Ser -De -Tin- -'Lys . There were t\vo consecutive daN(Ui-^2) NOEs, 
between Ser^*^ and Thr^^ and between 1 le^^ and Lys"^^, as well as medium range 
NOEs not shown in Figure 2. The latter included a dhN(U~^2) l>iO'E betv^^een Ser^ 
and Thi*"^5 and a dba(ij'-^2) NOE between thiese same residues. The 
conformational preferences giving rise to these NOEs did not fit a typical 
secondary structure, and suggested an unusual turn that placed the side-chain of 
Ser'^^in close proximity to the main-chain gi*oups of Thr'^^. This type of 
conformation has been described as a kinlc in the context of a helical region 
(Osterhout et al, Biochemistry 28:7059-7064 (1989)). 

A third confomiational feature in the V3 segments of C4-V3RF, C4e9v- 
V3RF(A) and C4E9G-V3RF(A)occun-ed in the sequence Gly^*^-Pro^^-Gl/^-Arg^^ 
In E9G the NOEs between these residues resembled the pattern described above 
that was consistent with a reverse turn (Dyson et al, J. MoL Biol. 201:161-200 
(1988)). This included a wealc dNd(Ui-^I) NOE between Gly^° and Pro^^ a weak 
ddN(h i-I-i) NOE between Pro^^ and Gly^^ a wealc dad(Ui^l) NOE between Gly 
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and Pto'\ a strong daNCU+I) NOE between Pro^> and Gly^^ and a detectable 
damj+2) NOE bet^^.een Pro^' and Arg". In the C4-V3RF peptide, the pattern of 
(U+V NOE intensities was the same but no daN(i,i+2) NOE was detected 
between Pro^' and Arg'^ Instead a daN(i.i^2) NOE was detected between Gl/° 
and Gly^2. Aiid in C4-E9V V3RF, both daN(i,i+2) NOEs, Gly^^to Gly^^ and 
Pro^' to Arg^^ were detected. These data raised the possibility that two 
independent tum-like conformational preferences occurred in this region of V3. 
The fact that a Pro^'-Arg^^ daN(i,i+2) NOE was unambiguously absent in C4- 
V3RF, and that a daN(i, 7+2; NOE bet^veen Gly^^ and Gly^^ was also 
unambiguously absent in C4hpo-V3RF(A), in spite of sequence identity in all three 
peptides, may be related to the weak intensity of these NOEs. Being close to the 
level of noise intensity, there is a possibihty that one or both NOE signals on 
either side of the spectrum will not be detected, thus disallowing the given NOE to 
be scored as such. 

Another region in V3 where conformational preferences could be inferred 
from NOES occurs in residues Val^^-Ile^^-Tyi-^^ In all thi-ee peptides NOEs were 
observed between the upfxeld methyl resonance (-0.67 ppm) of Val^^ and the ring 
hydrogens, both dH and eH, of Tyx-^^ Weaker NOEs are also seen between the 
domifield methyl resonance (-0.89 ppm) of Val and the ring hydrogens of 
Tyv'\ Further evidence of close proximity between the side-chains of Val^''' and 
Tyr-^ Vas the fact that the t^vo methyl resonances of the former had disparate 
chemical shifts, compared to Val^, consistent with a ring-cun-ent shift induced by 
the aromatic side-chain of T>^. One peptide, C4-V3RF(A) had another NOE in 
this region, daN(i,i^2) between Ile^ and Ala^, that was unambiguously absent m 
the C4e9o-V3RF(A) and C4h9v-V3RF(A) peptides. This observation likely 
represented a poorly populated confonnation, perhaps related to that which gives 
nse to the Val^'^-Tyr^^ side-chain interaction, or from an independent 
conformational propensity. 

Substitution of Lys'^ with Glu yielded a pooriy immunogenic peptide 
(C4kue-V3RF(A)) that, interestingly had solution properties different from the 
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other three peptides studied. Under the conditions used for NMR studies of other 
C4-V3 peptides, the solution of the C4ki2e-V3RF(A) peptides was highly 
viscous, and viscosity increased v/ith pH in the vicinity of pH 4. implicating 
ionization of the Glu^^ side-chain in this phenomenon. 'NMR spectra of K12E at 
5 278 K in aqueous buffer showed a much lower signal-to-noise ratio than the 
other thi'ee peptides. Increasing the temperature to 318 K or decreasing the pH 
to 3.5 yielded improved but still inadequate signal. Suitably high signal for 
resonance assignment and NOE analysis was obtained at 318 K, pH 3.5, 20% 
v/v trifluoroethanol (ds). Even under this condition the NOEs for the C4tci2E- 

10 V3RF(A) were less intense than for other peptides. 

NOE connectivities in the C4 segment of C4ki2E-V3RF(A) (Fig. 2) show 
evidence of nascent helical turns in the region between Ile^ and Gly^^ as inferred 
fi-om dNN(l 1^2) and daN(iJr¥2) NOEs. The stretch jfrom Val^^to Thr^^has two 
daN(i,i+5) and two dab(iJ-^3) NOEs suggesting the presence of a significant 

15 population with full helical turns. Within the V3 segment only two medium 
range NOEs ai'e obsen^ed, both daN(hi.+2), Neither corresponds to NOEs 
observed in the other three peptides, but both NOEs involve residues of the 

26 ''V '^8 

sequence, for which there is evidence of confomiational 
preferences in the other three peptides. A dbN(U-^2) NOE betsA^eeri Ser^^-'and 

2 0 Thr-^ obsen^ed in C4e9v-V3RF(A)) and C4e9g-V3RF(A), is also observed in the 
K12E peptide. Also observ^ed are NOEs between the side-chains of Val'^'^ and 
Tyi*'^^. Hence the confonnations giving rise to these two features are at least 
partially preser\/ed under the solution conditions employed for K12E. 
Differences in the V3 segment between K12E and all of the other three peptides 

2 5 include the absence of detectable daN(i, ] -\-2) NOE betv^^een Pro^^ and Asn'^ and 
between Ser^^ and Thr^^. The failure to detect these NOEs may be due to the 
overall wealcer signals of this sample, or to depopulation of the relevant 
confomiations by the solution conditions. 
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EXAMPLE 2 



10 



15 



The peptides in Table 7 have been studied in g.-oups of 5 peptides as 
indicated in Table 9, and each group of 5 peptides has been injected into each 
of three guinea pigs in Freund's complete then incomplete adjuvant After 4 
mununizations, the animals were bled, and heat inactivated serum was pooled 
from each animal or tested separately as indicated in Table 8, for the ability to 
neutralize HR. Single numbers per group indicate that the results are those of 
pooled sera from the group, ^dividual results per ammal ia.dicate that each 
serum was tested mdividually. Table 8 shows that all tl.e sera neutralized to 
var^ang degrees the T cell line adapted HIV isolate MN and poorly neutralized 
the TCLAHH/ isolate IHB. Regarding the rest of the isolates in Table 8 all 
of which are KW primary isolates (89.6, BAL ADA, SF162, 5768 QH051 5 
PVO. JKPL, BXOS, 6101, SSI 196), Group C sera from C4-V3 subtype B 
peptides neutrahzed 4/1 1 (36%) and Group F sera from subtype B peptides 
neutralized 5/1 1 primary isolates (45%). Figure 4 shows that for the HIV 
CCR5 utilizing primary isolate, BAL, that tlie individual peptides in the 5- 
valent mixture absorbed out the neutralizing activity against HIV BAL to 
varying degrees, whereas the n^xture of all the peptides completely absorbed 
out the neutralizing activity. 
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It is important to be able to use T helper determinants with the V3 
portion "of the peptides shown in Table 7, both to expand the T helper activity 
in the immunogen, and in case any of the T helper peptides should be found to 
have any deleterious effects in the course of human trials. For example, it has 
recently been found in vitro that in culture of HIV and T cells, tliat the C4 
portion of the C4-V3 peptide can augment HIV induced syncytium formation. 
However, peptides of this general design have been studied in viti'o in HIV- 
infected humans (AIDS 12: 1291-1300, 1998) and no subjects developed a > 
10 fold change in plasma HIV RNA levels from baseline. Moreover, the 
primary use of these peptides is as an immunogen in HW- subjects as a 
preventive vaccine, and not in doses that one would consider for therapy, 
which would be in milligram amounts daily. A T helper determinant from 
HIV gag, termed GTHl with the sequence of Y K R W 1 1 L G L N K I V R 
M Y S has been conjugated to the V3 of HW I\1N and found to induce anti- 
HIV ]\1N titers of 1 : 3200. Similarly, GTHl conjugated to a V3 sequence of a 
HIV primarj^ isolate DU179 induced antibodies that neutralized HW MM 
(1:192) and neutraUzed the HW primary isolate JR-FL (90% p24 reduction in 
PBMC cultures). Thus, the GTHl T helper sequence can substitute for the 
C4 sequence in the peptides in Table 7. 

Finall}^ a panel of monovalent serum from individual guinea pigs 
immunized with each of the peptides m Table 7 has been screened. Whereas 
most of the peptides in the list only induced neutralizing antibodies that 
neutralized 0 to 6 out of 19 primary isolates, 5 peptides were found that 
neutralized from 14 to 19 out of 19 primary isolates tested. These peptides 
were C4-V3 36.29, C4-V3 34.29, C4-V3 62.19, C4-V3 74.17, and C4-V3 
162.7. The sequences of these peptides are all listed in Table 7. 

Thus, sufficient breadth has been observed both in mixtures of C4-V3 
peptides and in select individual peptides for the innnunogen to be practical 
with regard to induction of neutralizing antibodies against HTV primary 
isolates. By performing the same immunization studies with the similarly 
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designed HIV subtype (clade) C peptides in Table 6, that a similai- 
imniunogen(s) can be developed for HIV subtype C viruses. 

While individual peptides can be used to achieve the breadth of 
neutralizing activity needed to protect against HIV primary isolates, 
advantageously, mixtm-es of multiple peptides are used, such as the 
combination of group C, or group F or the combination of C4-V^ 36 29 C4 
V3 34.29, C4-V3 62.19, C4-V3 74.17, and C4-V3 162.7 peptides described 



above 



EXAMPLK q 
HR/-1 Clade B V3-Based Polyvalent Immunogen 

Ai.ti-HIV gpl20 V3 antibodies can neutralize some HIV primary 
isolates ((Hioe et al, hitemat. Imnaunology 9:1281 (1997), Liao et al, J. Virol. 
74:254 (2000), Karaclmiarov et al, AIDS Res. Human Retrovirol. 17-1737 
(2001), Letvin et al, J. Virol. 75:4165 (2001)). The hypothesis for these 
studies was that sequence variation found among HW primary isolates need 
not reflect the diversity of HR. serotypes, and aritibodies can cross-react with 
groups of similar viruses. Data from comparison of N1S4R stz-uctures of sev eral 
V3 loops and their inamunogenicity patterns indicate that there are conserved 
higher order structures of the V3 that are similar m antigenicity^ regardless of 
pnmary ammo acid heterogeneitj. (Vu et al, J. Virol. 73 :746 (1999)). 

1514 unique clade B V3 sequences in the Los Alamos National 
Laboratory HIV Database were ^alj^ed by the following methods. Short 
anhgemc domains were organized by protein similarity scores usin^ 
maximum-linlcage clustering (Korber et al, J. Virol. 68:6730 (1994)) Tins 
enabled visualization of clustering patterns as a dendritogram, and the splitting 
pattern m the dendritogram could be used to define clusters of related 
sequences. This method allows the use of several different amino acid scoring 
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schemes. The amino acid substitution matrix of Henikoff and Henikoff was 
used which was designed to give amino acid substitutions well tolerated in 
consented protein structural elements a high score, and those that were not^ a 
low score (Henikoff and Henikoff, Protein Structure Function and Genetics 
5 17:49 (1993)). Based on these clustering patterns, a variant was selected that 
was most representative of each group. Excluded were very rare, highly 
divergent sequences, and favored were sequences found in many different 
individuals. This method allowed for most of the unique V3 sequences to be 
witliin one or two amino acids from at least one of the peptides in the cocktail. 

10 Thus, 1514 clade B V3 sequences were clustered into 30 groups. The 

consensus peptide of each group was s>Tithesized, purified to homogeneity by 
HPLC and confirmed to be correct by mass spectrometiy. Each peptide was 
immunized into a guinea pig (GP) in Incomplete Freunds Adjuvant (IF A), and 
each sera was tested after the fifth immunization by a single infection cycle 

15 neutralization assay preformed by ViroLogics, South San Francisco, CA, or by 
a fusion from without HIV fusion inhibition assay using aldrithiol-2 
inactivated HIVada, HIVmn and HIV ads virons (Rosio et al, J. Virol. 72:7992 
(1998)). 

The criteria established for acceptable neutralization of primary/ 
2 0 isolates was the ability of a serum to neutralize at least 25% of the Hl\^' 
primary isolates tested. Using these criteria, 7 peptides were found that 
induced neutrahzing antibodies against >25% of isolates tested. One of these 
peptides, peptide 62.19, neutralized 19/19 HIV primarj^ isolates tested, even 
when the criteria were increased to greater than S0% neutraUzation vs. 50% 

2 5 neutralization (see Figure 5 and Table 11). 

Wl^en the sequences of 6 peptides that induced no (0/1 9) neutralization 
of the 19 primary HIV isolates were evaluated, it was found that they were all 
unusual sequences at the tip of the V3 loop, with sequences such as GLGR, 
GPGG, GLGK. GLGL, and GLGR present (see Table 10). Only 1 of the 19 

3 0 isolates tested had one of the these V3 sequences, a GPGG sequence, that was 
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not neutralized by the serum from the GPGG-imniumzed guinea pig. 
Therefore, one serologic defined group of Clade B HIV isolates may be 
defmed by the primary amino acid sequences at the tip of the loop of GLGR, 
GPGG, GLGK, GLGL. 



Table 10 



Sequences of Peptides That Induced No Neutralization 
at 50% Inhibition (All Dilutions) Criteria 



GP No. 

447 


1 Peptide No. 

C4-V3 396.2 


y3 Sequence(s) 

RPNNNTRRNfHlGLGRRFYAT 


448 


C4-V3 170.6 


RPNNNTRRSVRIGPGGAMFRTG 


451 


C4-V3 23.38 


RPiKibRKRIPLGLGKAF^TTK 


458 


C4-V3 51.23 


RPSVNNTRRSIHMGLGRAF^nTG 


404 


C4-V3 57.20 


RPNRHTGKSIRMGLGLRAV\/HTTR 


432 


396.2/170.6 


RRNiHlCiUJRRF RRSVRIGPGGAM 
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Table 11 



Sequences of Peptides That Best Neutralized Clade B 
Isolates at 50% Inhibition (All Dilutions) Criteria 



GP No. 


Peptide No. 


V3 Sequence{s) 








436 


69.18/146.8 


RKSIRIGPGRAV RRRISIGPGRAF 


442 


1.481/85.15 


RKSIHIGPGRAF RKSIHIAPGRAF 


460 (B) 


C4-V3 36.29 


RPNNNTRKGIHIGPGRTFFATG 


465 (A) 


C4-V3 11.85 


RPNNNTRKSINtGPGRAFYTTG 


466 (A) 


C4-V3 34.29 


RPNNNTRKSIQIGPGRAFYTTG 


467 (A) 


C4-V3 1.481 


RPNNNTRKSIHIGPGRAF>TTG 


469 (C) 


C4-V3 62.19 


RPNNNTRKSIHIGPGRAFYATE 


472 (C) 


C4-V3 74.17 


RPNNNTRKRMTLGPGKVF^TTG 


475 (E) 


C4-V3 162.7 


RPGNNTRGSIHLHPGRKFYYSR 



When the peptide sequences that induced neutraUzation of >25% of 
primar)^ isolates were examined, it was found that the sequences were all 

5 similar and were all clustered around the Clade B V3 consensus sequence of 
IHIGPGR.Ai^YTTG (see Table 11). However, not all peptides with this type 
of sequence induced good neutralizing antibodies — 15 peptides had this t^^e 
of sequence and did not induce good neutrahzing antibodies. Thus, a 
"computer guided proteomic screen of the V3 loop" has been performed and 

0 V3 peptides have been identified that express higher order conformers that 
mirror the native functionallj^ active motif of the V3 that is both available and 
capable of being bound by neutralizing antibodies. In particular, peptide 62.19 
induced neutralizing antibodies against 19 of 19 HIV isolates. 
Expression of the consensus B V3 sequences in Table 11, and expression of 

5 certain of the unusual V3 sequences in Table 10, can define a "bivalent" clade 
B inununogen for use world wide where those sequences are present in the 
resident HIV quasispecies, likewise, the sequences shown in Table 12. Table 
12 shows fiill V3 consensus sequences for the V3 loops of the indicated 
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peptides. By placing these full length V3 loop sequences into a full length 
mv envelope gpl20 or gpl60/gpl40 molecule, the ability of these peptides to 
induce neutraliziiig activity is transfeixed to the HIV envelope contaiiung these 
sequences. Thus, for example, for the artifically designed consensus of 
consensus HIV envelope with less divergence from other HIV isolates 
compared to native HIV envelopes (Gaschen et al, Science 296: 2354-2360 ( 
2002)), inclusion of one of the V3 sequences in Table 12 that has been showi. 
to mduce neutralizing activity against HIV primary isolates would augment 
the ability of the consensus of consensus artifical envelope to induce 
neutralizing antibodies. Further, expressing the V3 sequences in Table 12 
would augment their immunogenicity by combining the V3 with other 
neutrahzmg sites on an immunogen (the intact envelope monomer or trimer). 

Immumzation with a replicating vector, expressing partial or entire (C 
to C) segments of these V3 loops, can be used to induce long lastmg iznnuxnit.. 



to HIV. 
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TABLE 12 



V3 Consensus Sequence 



5 



10 



Name of 


Total Sep 




Deotide 


in Database 


Amino Add Seauencs 


1.481 


945 


SVEINCTRPNNN'TRKSIHIGPGRAFYTTGEIIGDIRQAHCNISRA 


S2.19C 


952 


SVElNCTRPNNNTRKSIHlGPGRAFYATERlIGDtRGAHCNiSRT 


62.19xlT 


- 


SVEINCTRPMNbTTRKSlHlGPGRAFYAibi i HIIGDIRQAHCNISRT 


16^7 


11 


SVEINCTRPGNNTRGSlHLHPGRKFYYSRGIlGDiREAHCAlNIP 


170.5 


7 


^SVEINCTRPNNNTRRSVRIGPGGAMFRTGDIIGDIRQAHCNLSRT 


34.29 


39 


S!£INCTRPMNNTRKSlQ!GPGRAFYTTGaiGDlRQAHCNLSRA 


74.17 


94 


SVE1NCTRPNNNTRKRMTLGPGKVFYTTGE11GD!RKAHCM!SRA 


396.2 


2 


SVAINCTRRNNNTRRNIHIGLGRRFYATEIlGDTKKAOCNtSRA 


23.3B 


"25 


SVHINCTRPIKIERKRIPLGLGKAFYTTKQVGDIKQAHC 


B2.15 


86 


PVEINCTHPNNNTRRSIHIAPGRAFYTTGQIIGDIRRAHCNISRT 


57.2 


21 


TWINCTRPNRHTGKSIRWIGLGRAWHTTREIIGDIRKAYCTLNGT 


36.29 


46 


SVNINCTRPNNNTRKGIHIGPGRTFFATGDilGDiRQAHCNLSRT 


BAL V3 




CTRPNNNTRKSIHIGPGRAFYTTGEIIGDIRIQAHC 



All documents cited above are hereby incorporated in their entirety by 
15 reference. 
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WHAT IS TLAIMRD TS- 



1. An isolated polypeptide comprising the sequence of peptide 
number 396.2/170.6 of Table 10, 69.18/146.8 of Table 11 or 1.481/85 15 of 
Table 11. 



2. An isolated nucleic acid sequence encoding at least one of said 
polypeptides according to claim 1. 



3. A vector comprising the nucleic acid according to claim 2. 

4. A composition comprising said polypeptide according to claim 
1 or said nucleic acid sequence according to claim 2 and a earner. 

5. A composition comprising peptides comprising the V3 
sequences set forth in Table 11. 



6. The composition according to claim 5, wherein said 
composition further comprises at least one peptide having a V3 sequence .et 
forth in Table 10. 



7. A method of inducing the production of neutrahzing antibodies 
in a mammal comprising administering to said man^aal a composition 
comprising the V3 sequences set forth in Table 11, or one or more nucleic acid 
sequences encoding said V3 sequences, m an amount sufficient to effect said 
induction. 



8. A protein comprising at least one V3 sequence set forth in 
Table 1 1 or 12 in the context of a consensus or ancestral gpl20, gpl60 or 
gpl40 molecule. 
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9. The protein according to claim 8 wherein said V3 sequence is 
in the context of a consensus gpl20 molecule. 

10. The protein according to claim 9 wherein said gpl20 molecule 
is Con6. 

11. A nucleic acid encoding the protein according to claim 8. 

12. A method of inducing an immune response in a mammal 
comprising administering to said mammal said protein according to claim 8 or 
said nucleic acid according to claim 11 in an amount sufficient to effect said 
induction. 

13. A protein comprising the V3 sequence of 62,19 shown in 
Table 1 1 in the context of Con6 gpl20. 

14. A nucleic acid encoding the protein of claim 13. 

15. A construct comprising the nucleic acid of claim 14 and a 

vector. 

16. A method of inducting an immune response in a mammal 
comprising administering to said mammal the protein according to claim 13 in 
an amount sufficient to effect said induction. 

17. A method of inducing an immune response in a mammal 
comprising administering to said mammal said nucleic acid according to 
claim 14 under conditions such that said nucleic acid is expressed and said 
protein is produced in an amount sufficient to effect said induction. 
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